Abstract
Introduction

33
Several European countries are currently mobilizing for the energy recovery from cattle 34 manure through anaerobic digestion (AD). In France, the annual production of cattle 35 manure is estimated at nearly 87 Mt, which represents around 28.3 MWh of potential 36 primary energy [1] . Nevertheless, due to its production fluctuations and in order to 37 enable a continuous supply of biogas plants throughout the year, cattle manure needs to 38 be stored before use, in some cases for extended periods. For this feedstock, a common 39 practice is the open-air storage before AD. The reason for this is mainly related to the 40 simplicity and low cost of the operation. However, this practice has several drawbacks.
41
Generally speaking, air presence is perceived as a spoiling agent for biomass 42 conservation, leading to important energy losses during long-term storage with aerobic 43 spoilage of easily biodegradable organic fraction. Recent works with different catch 44 those, organic acids cannot be produced in a significant extent and then, the desired 68 level of acidity for silage stabilization would not be achieved.
69
Even if cattle manure does not naturally lead to an optimal ensiling conservation, it is 70 possible that an anaerobic environment reduces organic matter and energy losses during 71 storage. Furthermore, efficiency of cattle manure ensiling may be improved by co-72 storage with wheat straw. In fact, this co-substrate is considered to have an impact on 73 organic losses of traditional crops ensiling [6] . This may be related to the fact that straw 74 addition decreases the moisture content and microbial concentration of the feedstock.
75
Therefore, straw may act as a delaying agent of bacterial growth, improving energy 76 conservation during storage. Likewise, wheat straw addition to cattle manure should 77 decrease soluble organic matter concentration on the feedstock, which may facilitate 78 silo compaction and prevent energy losses through leachate formation during storage.
79
However, to the best of our knowledge, no study addressing these subjects exists today. Notwithstanding, other parameters, such as organic matter losses or eventual gas 85 emissions, were examined during storage as well. This study contributes to the 86 optimization of practices for cattle manure management before biogas production, 87 which will definitively have an impact on the energy recovered downstream. 
Chemical analysis
114
For each sample time, one silo (per tested condition) was sacrificed. It was opened and 115 weighed, biomass was homogenized and two samples were taken. One was used for 116 direct analyses on the crude material and the other one was mixed with water in order to 117 get two fractions: a water-soluble phase and a particulate phase. This leaching test was 118 performed with a 10:1 water/TS ratio during 2 h under constant bottle rotation. Phase 119 separation was achieved by centrifugation (5000 G; 10 min) followed by 0.7 µm 120 particle size filtration. Finally, the particulate phase was dried at 70 °C until constant 121 weight and ground at 2 mm theoretical length. Crude material/water-soluble and 122 particulate samples were stored at 4 °C and -20 °C, respectively, until use.
123
Crude material was analyzed for its TS content, volatile solids (VS) content and BMP. to ADL. TKN and NH3-N were determined through the procedure described in the NF 149 EN 25663 French standard.
150
The interest of our experimental procedure is to enable the assessment of the 151 composition and BMP based on the initial mass of product used, since the weight loss 
Biochemical methane potential tests
157
Batch anaerobic digestion tests were performed for crude material and water-soluble 158 phase samples. Tests were conducted in a temperate room at 35 °C using glass vessels 159 of 2 L for crude material and 0.1 L for water-soluble phase. Vessels were filled with 5 g 160 VS of sample, inoculum in way to keep a substrate/inoculum VS ratio of 0.5 and a 161 certain volume of a mineral solution to achieve 60% of the total volume of the vessel.
162
The inoculum used (TS 3.0-3.2%wt; VS 2.0-2.2%wt) was a digested sludge originating Blanks with only inoculum and mineral solution were performed for each batch series in 169 order to correct the BMP from residual methane production of the inoculum. All tests 170 were performed in triplicates.
171
Biogas production was determined by pressure measurement using a Digitron precision 172 manometer. Biogas was released when the pressure exceeded 1200 hPa. Gas 173 composition was analyzed using an Agilent 3000 micro gas chromatography with occur but VFA produced would be degraded due to a higher methanogenic activity.
481
This will weaken ensiling efficiency, as it will lead to substantial energy losses before 482 AD.
483
Moreover, wheat straw addition had an impact on BMP distribution before storage: TS13%A  TS13%E  TS19%E  TS22%E 
